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We show that the conclusion of Zee on the presence of fixed J =0 singularities in virtual
Compton scattering is unfounded. Thus, there is no model-independent argument for such a

behavior.

In a recent article Zee' has attempted to show
on the basis of some commonly accepted assump-
tions that the amplitude T, of virtual forward
Compton scattering must contain in its Regge ex-
pansion an asymptotically constant term. Such a
possible term has been much discussed in the lit-
erature; indeed, there is weak experimental evi-
dence for its existence.? In this note we show that
Zee has assumed his result, and in fact nothing
can be said about such a term.

In order to establish notation and pinpoint the
crucial assumption, we quote the relevant pas-
sages from Ref. 1:

Our assumptions are the following:

(a) The Bjorken-Johnson-Low limit lim g
Q,°T,, exists.
(b) The behavior of the current commutator

near the light cone is relevant for the deep-in-
elastic region.

Assumption (b) actually implies nonforward
scaling.

We now demonstrate our assertion. The tar-
get spin-averaged nonforward Compton ampli-
tude may be decomposed as

Tw (q; q,p,p")= -gval(V) sz t, 6)
P,P
* mz" Tz(""Qa)t’ 6)+---,
(1)
where
P=3(p+p"), Q=%(q+q), A=p-p'=q' -gq,
V=P-Q, 6=Q'A=q,2—qzy t=A27

and
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w=-@*/2v.

Suppose that there is 7o fixed singularity in
the J plane. Then T, presumably satisfies an
unsubtracted dispersion relation for t<¢, for
some t,<0, viz.,

1(VQ t,8) = f

STz Wil Q% t,0)

(2a)
—94? dw’ W,(w , @ t, 6)
w' o - '
(2b)
We now let @,—~i = keeping ¢ and 6 fixed:
T\, @1, 8) o ol%olinjmwl(w @1, 0).
(3)
Assumption @) then implies that
lim Q"’W(wQ,t,b)—-F(.ot 5). 4)

Q2 -w

[We exclude the poss1b111ty that limW, (w, Q% ¢, 5)
=F,(w,¢) and that ['dw w™'F, (, t)= 0 for all ¢
<t,.]

From Eq. (4), Zee goes on to demonstrate his as-
sertion.

However, to go from Eq. (3) to Eq. (4) requires
exclusion of the behavior mentioned in parentheses
after Eq. (4). But this is the expected behavior
when there is no fixed Regge singularity. In other
words, at this point the result has been assumed.

One might immediately object that it is unlikely
for the parenthetical behavior to occur for all ¢
such that the integral converges. The remainder
of this note will show that this is not the case.
First we will give a simple example where this be-
havior occurs; then, we will show that a slight ex-
tension of Zee’s argument leads to an absurdity.

Our example is

T,0,Q%1t,8)=={3[1+(1=w2y/2]}a®
{41+ - w22} A

where o, (t) and a,(t) are two normal moving Regge
trajectories. The complicated square-root struc-
ture is introduced to give cut v -plane analyticity.
We take the branch of the square root with positive
real part. By selecting a,(0)=1 and a,(0)~3 cor-
responding to the Pomeranchukon and some lower
trajectory such as the P’, we satisfy the positivity
condition

ImT, ¥, Q2<0,£=0,8)>0.

This amplitude clearly scales and has normal
Regge behavior. In fact, under Fourier transfor-
mation this amplitude gives a local commutator.
In the Bjorken-Johnson-Low limit, the amplitude
behaves in the assumed @, manner. Thus this
T, satisfies assumptions (@) and (b) of Ref. 1; how-
ever, it has no fixed pole.

One might feel that in this example there is a
rather unlikely cancellation between the two Regge
terms to give the proper BJL limit. In order to
argue against this point of view, we now show that
Zee’s reasoning can give an absurd result. Moti-
vated by continuous-moment sum rules, we con-
sider the function

T,@, Q% ¢, 8)=[1+(1 - w27 T, (v, Q% ¢, 8),

where 0<A<1. One can readily see that T, also
satisfies the assumptions on T, which Zee uses in
his argument for a fixed pole. Thus, by this rea-
soning, ’I-‘l should have a constant piece in its
asymptotic behavior as v goes to infinity at fixed
Q3% t, and 6. This corresponds to a fixed behavior
in T, of the form v*. But A is arbitrary. There-
fore T, must have a fixed singularity at every value
of J in the range 0<J<1, This is clearly absurd.

We have shown that the argument of Ref. 1 for a
fixed J =0 pole in the virtual Compton amplitude
assumes its conclusion. Thus there exists no gen-
eral theoretical argument, independent of specific
models, for such a singularity.
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